Maintaining a favorable microbial and physical state of soils using new management practices is one of the key directions of sustainable land-use. Application of biochar (BC) is one of the new ways to improve soil quality and sustainability by increasing carbon sequestration and making significant changes in soil properties. Slow and fast pyrolysis is used to produce BC from different feedstock. Technological conditions of pyrolysis and feedstock type have key impacts on BC properties and its interaction with soils. Many previous studies have revealed a positive effect of BC on soil properties and crop yields. Nevertheless, there are uncertainties in the understanding of BC effects on microbial processes of nitrogen and carbon transformation in soils. In the present study, two types of BC were used: BC1 and BC2 were produced by fast and slow pyrolysis of wooden feedstock, respectively. The aims of the study were, firstly, to assess differences in the effects of BC1 and BC2 on hydrophysical properties of sandy and clayey loam soils, and, secondly, to assess the effects of differences in soil texture on the degree of impacts of BCs on soil nitrification and denitrification. Samples of sandy and clayey loam gleyic Fluvisols (Slovakia) were used in the experiment. An amount of the applied BC on a hectare-scale was equal to 15 and 30 tones. Water retention of the soil samples was measured using a pressure-plate apparatus at water potentials from 0.1 to 300 kPa. Nitrification and denitrification rates were determined in laboratory conditions by measuring nitrous oxide accumulation in flasks in which the soils were incubated for 48 hours at 25 С. Soil moisture content for nitrification and denitrification was equal to 48-55 % of the full saturation and 100 % saturation, respectively. The results indicate that BC1 and BC2 application increased water retention more for the sandy soil than for the clayey loam soil in the whole range of water potentials. Of the two biochars, BC2 had a greater influence on the water retention of both soils. Application of BC1 resulted in a significant decrease (p < 0.01) while application of BC2 produced only an insignificant decrease in nitrification rates in the clayey loam soil. BC1 and BC2 had no effect on nitrification rates in the sandy soil. Moreover, the application of the BCs at both rates contributed to a greater decrease in nitrification rates in the clayey loam soil than in the sandy soil.
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Keywords: soils, texture, biochar, slow pyrolysis, fast pyrolysis, soil water retention, nitrification rate, denitrification rate Intensive agrotechnologies may affect adversely the contents of mineral nitrogen and organic matter in soil due to leaching, atmospheric GHG emissions and mineralization. This results in the deterioration in soil and environment, therefore, various methods to improve or preserve the required quality of soil have been developed over recent years.
The application of biochar (BC, aromatic organic ameliorant) is one of the innovative methods to improve soil properties, carbon sequestration, and decrease nitrogen losses [1] [2] [3] [4] [5] . The biochar is produced from biomass of various types (wood waste, plant residues, organic industrial waste) by slow (several minutes to hours) and fast (milliseconds to seconds) anaerobic pyrolysis at high temperatures (400-900 С) [6] [7] [8] [9] . Pyrolysis conditions and biomass type have the determining influence on the physical-chemical, physical, biochemical and microbiological properties of BC [8, [10] [11] [12] . Carbon content of BC can exceed 85 % and depends on the pyrolysis conditions and biomass type [9] . The organic matter of BC includes amorphous and crystalline aromatic structures and is therefore resistant to biotic and abiotic mineralization [13] . However, the BC produced by fast pyrolysis has more organic compounds, carboxyl and hydroxyl groups, macropores accessible for microorganisms than that produced by the slow biomass pyrolysis. After the fast biomass pyrolysis, the BC is subject to higher microbiological mineralization and has greater impact on the microbiological, physical-chemical, biochemical and physical properties of soils [7, 9, 11] .
To date, numerous research of BC effects on soil properties have been performed. The BC application generally contributes to the increase in water retention capacity and porosity of soil [1-3, 14, 15] , cation exchange capacity [16] , and crop yields [17] [18] [19] .
Despite successful results, there are uncertainties in the understanding of BC effects on microbial community and processes of nitrogen and carbon transformation in soils due to different properties of BC produced from biomass of various types and under different pyrolysis conditions. On the one hand, the research findings have shown that the BC application contributed to the increment in microbiological activity and carbon content of biomass of microorganisms owing to the increased content of accessible organic compounds in soils and improved physical and physical-chemical state of the latter [16, 17] . On the other hand, a number of experiments showed either a lack of significant effect of BC [20] , or its adverse impact on the above-listed microbiological properties of soils [21] . The findings are explained by entry of insufficient amounts of available nutrients (nitrogen, phosphorus) into soils due to non-optimal doses of BC, and irreversible adsorption of available (non-aromatic) organic compounds by biochar [20] .
Biochar is an advanced ameliorant for decreasing emissions of nitrous oxide (N 2 O) from soils. According to the recent research findings, the BC application led to the significant reduction of N 2 O emissions from soils [4, 6, 8, 17] . N 2 O forms in soils as a result of microbiological nitrification and denitrification. The BC application contributed to change of soil conditions making them more favorable for nitrifiers due to enhancing aeration and increasing pH of soils as well as adsorption of nitrification inhibitors [1, 14, [22] [23] [24] . However, the adsorption of NH 4 + on the BC surface or in its pores can result in the reduction of NH 4 + availability for nitrifiers [22] . When comparing the effects of BC produced by the fast and slow pyrolysis, it is found that the mineral nitrogen immobilization by soil microorganisms was greater in the first instance [22] . The BC application was accompanied with the decrease in denitrification and N 2 O emission both as a result of enhanced aeration and increased pH of soils and due to adsorption of available organic compounds and NO 3  by biochar [1, 3, 9, 17] . Thus, the BC effects on soil properties should be studied further to standardize databases related to designs of experiments, technological conditions of biochar production and types of biomass used.
In this research, we have shown for the first time that the biochar produced by slow pyrolysis has greater ameliorative effect as compared to its analogue produced by fast pyrolysis as a by-product while generating electric and heat energy.
The purpose of the experiment was to compare the effects of biochar produced by the fast and slow biomass pyrolysis on hydrophysical properties, nitrification and denitrification in soils having different granulometric textures.
Technique. The BC produced from wood residues in reactors of different types was used in the experiments. BC1 was produced by slow pyrolysis of biomass at 500 С in Pyreg ® (PYREG GmbH, Germany), a reactor used specifically for the BC production, and BC2 -by fast pyrolysis of biomass at 900 С in Biomass CHP (Spanner Re2 GmbH, Germany), a reactor used to generate electric and heat energy. The specific surface of BC was measured by N 2 adsorption in NOVA analyzer (Quantachrome Instruments, USA).
Samples of gleyic alluvial sandy loam and clayey loam soil were taken in test areas of the experimental station of the Slovak University of Agriculture in Nitra. The water retention capacity with and without BC was measured using a pressure membrane apparatus (Soilmoisture Equipment Corp., USA) at water potentials of 0.1; 5, 20, 55, 100 and300 kPa. The amount of the applied BC1 and BC2 on a hectare-scale was equal to 15 and 30 tones.
The nitrification intensity was studied in the laboratory experiment. The soil samples (weighing 15 g) moistened up to 48-55 % of the total moisture capacity were incubated in 100 ml glass flasks for 48 h at 25 С. The amount of N 2 O emitted was measured on a regular basis in the process of linear strengthening of N 2 O up to the maximum concentration. The denitrification activity was assessed in the soil samples moistened up to the total moisture capacity. The samples were incubated in 100 ml glass flasks for 48 h at 25 С with addition of acetylene (0.01 %) to prevent the transformation of N 2 O into N 2 [25] . N 2 O concentration in the flasks was measured on a regular basis until its maximum was reached. The intensity of nitrification and denitrification (based on N 2 O concentration) was analyzed using GC-2010 Plus gas chromatograph (Shimadzu Corp., Japan) equipped with an electron capture detector.
Statistical processing of the results included the calculation of mean (M) and standard deviations (±SD). The significance of differences among mean values was assessed by the one-way analysis of variance (one-way ANOVA) at p  0.05.
Results. The study of hydrophysical properties of soils has shown that the application of BC1 and BC2 contributed to the increase in their water retention capacity. The total water capacity of the initial sandy loam soil was statistically (p < 0.001) lesser (34.9±0.1 %) than that of the clayey loam soil (55.1±1.9 %). The moisture content (as a percentage of soil weight) in the sandy and clayey loam soil at water potentials ranged from 0.1 kPa to 300 kPa varied from 33.9±0.1 to 8.8±0.3 % and from 53.3±1.7 to 24.2±0,3 %, respectively. The application of BC2 (at doses of 15 and 30 t/ha) to the sandy loam soil has resulted in the significant (p < 0.001) increase in its total water capacity (up to 40.0±0.3 and 45.4±1.3 %, respectively). The water retention capacity of the sandy loam soil increased as well when BC2 was applied at doses of 15 and 30 t/ha: up to 37.8±0.4 and 42.4±1.4 % at the water potential of 0.1 kPa, and up to 17.7±0.8 and 22.9±1.3 %, respectively, at the water potential of 300 kPa. BC1 had lesser specific surface (123 m 2 /g) than BC2 (258 m 2 /g), therefore, its application at the doses of 15 and 30 t/ha to the sandy loam soil resulted in lesser but still significant (p < 0.001) increase in its water retention capacity: up to 39.4±0.5 and 43.2±0.7 % at the total water capacity, up to 37.0±0.4 and 39.7±0.6 % at the water potential of 0.1 kPa, and up to 12.3±0.7 and 15.2±1.3 %, respectively, at the water potential of 300 kPa.
The significant (p < 0.01) increase in the total water capacity of heavy loamy soil was observed only after BC1 and BC2 applied at a dose of 30 t/ha. The water retention capacity of the clayey loam soil over the range of water potentials under study increased significantly (p < 0.05) after both doses of BC1 and BC2 applied. Within the studied range of water potentials (from 0.1 to 300 kPa), the soil moisture at the ameliorant doses of 15 and 30 t/ha for BC2 varied from 56.9±1.0 to 30.5±0.3 % and from 62.0±1.5 to 36.7±0.8 %, respectively, and for BC1 -from 56.1±0.5 to 28.3±0.6 % and from 59.4±0.6 to 32.6±2.0 %, respectively. The obtained results show that, firstly, BC increases the water retention capacity to a greater extent for soils having light rather than heavy texture, and, secondly, BC2 when applied leads to the greater increase in the water retention capacity of soils than BC1.
The application of BC2 at the doses of 15 and 30 t/ha to the clayey loam soil has resulted in the significant (p < 0.01) decrease of the nitrification intensity, while the application of BC1 to the same soil had no significant effect on the nitrification intensity (based on N 2 O production). In this case, the nitrification intensity in the clayey loam soil showed higher variability when applying BC1 than when using BC2 (Fig. A) . Generally, the effect of BC1 and BC2 on the nitrification in the sandy loam soil (as against clayey loam soil) was insignificant. The scenario with 15 t/ha of BC2 was an exception when the significant (p < 0.05) increase in the nitrification intensity from 96.3±9.9 to 156.3±22.0 µg N 2 O•kg  1 •h  1 was observed. The decrease in the nitrification intensity or its inalterability after applying BC may be caused by several reasons: firstly, the reduction in NH 4 + availability for nitrifiers as a result of adsorption of ammonium ions on the surface or in micropores of BC; secondly, the lack of sufficient mineral nitrogen accessible for microorganisms entering the soil together with BC; thirdly, N 2 O association with functional groups and ions of metals (iron, copper) on the BC surface [14, 16] .
The denitrification intensity in the presence of BC1 and BC2 mainly increased and was greater in the clayey loam soil than in the sandy loam one. However, the increase in the denitrification intensity in the clayey loam soil was significant (p = 0.05) only at the dose of 15 t/ha of BC1 (refer to Fig. B) .
The BC application contributed to the higher increase in macroporosity (with pores > 50 µm in diameter) of sandy loam rather than clayey loam soils. The recent research findings have shown that the BC application resulted in the reduction in the number of aerated pores and air permeability of fine silty soils and the improvement of aeration of coarse sandy soils [1] . Hence, it follows that the BC application to clayey loam soil can lead to enhancing anaerobic conditions and, as a consequence, to more intensive denitrification in case of exces-sive moistening. Our data has confirmed that, under anaerobic conditions, the denitrification intensity in the clayey loam soil (control and BC1 and BC2 scenarios) was greater than in the sandy loam soil (refer to Fig. B) .
Thus, the comparison of effects of biochars produced by slow (BC2) and fast (BC1) pyrolysis has shown that the significant decrease of the nitrification intensity in the clayey loam soil resulted from the application of BC2. Generally, both types of BC have no significant impact on the nitrification intensity in the sandy loam soil. The use of BC1 and BC2 contributed to the increase in the denitrification intensity in the clayey loam soil. The application of BC1 and BC2 was accompanied with greater increase in water retention capacity for sandy loam rather than clayey loam soils. BC2 contributed to the increase in the water retention capacity of both types of soils to a greater extent than BC1. The application of BC as an ameliorant will probably be more effective for reduction of N 2 O emissions as a result of denitrification in soils having light rather than heavy texture.
